ABSTRACT The cerebral effect of long term (mean 15-6, SD 8-9 years) and low (about 25 pg/m3 air) exposure to mercury vapour was studied in a group of 41 workers in a chlor-alkali plant and in a group of matched referents by electroencephalography (EEG). In the visually interpreted EEGs only a tendency for an increased number of EEG abnormalities, especially focal ones, could be seen in the exposed subjects. In the computerised EEG (cEEG), however, the exposed workers had significantly slower and more attenuated EEGs than the referants. This difference was most prominent in the occipital region, became milder parietally, and was almost absent frontally. Our results suggest that cEEG may show early effects on the brain of exposure to mercury vapour.
Symptoms from the central nervous system such as weakened memory, insomnia, dizziness, and tremor have been early findings in workers excessively exposed to metallic mercury (Hg) vapour. 2 In chronic poisoning caused by Hg vapour diffuse slowing of electroencephalograms (EEG) has been shown in five of nine patients by Vroom and Greer.' Furthermore, toxic effects of Hg on the EEG have been described as bradyrhythmia or diffuse changes.45 So far as we know, no computerised EEG (cEEG) studies showing the effects of exposure to Hg vapour have been published, even though the method has been frequently applied in pharmaceutical research. 6 The purpose of our study was to discover whether EEG, and especially cEEG, could show cerebral effects caused by long term low exposure to Hg vapour.This was indeed the case; we found slowing and attenuation of EEG especially in the occipital area of the brain.
Subjects and methods

STUDY GROUP AND STUDY DESIGN
The study had a cross sectional design in which the data from exposed subjects were compared with the data of their matched referents. The indicator of the long term Hg exposure was calculated from the retrospectively collected results of the blood Hg analyses.
Accepted 23 May 1988 The exposed group consisted of 41 men from a chlor-alkali plant with an exposure time of at least five years. Their mean age was 38-1 (SD 6-7, range years. The exposure time varied from five to 27 years (mean 15-6, SD 8 9) . Subjects with neurological, psychiatric, and metabolic diseases, skull injuries, hypertension, and a history of mercury intoxication were excluded on the basis of previous documents of periodical health examinations performed twice a year as well as of possible case records. Five chlor-alkali workers were excluded from the study, three with hypertension medicated by beta-blockers and two with periodical excessive use ofalcohol. One subgroup (n = 21) had regular daywork. The second subgroup (n = 20) had varying three-shift work with periods of four workshifts and two rest days.
One referent, matched for age (± 1 year) and sex, was chosen for every exposed subject. The 41 referents were employed in mechanical wood processing plants.
Exclusion criteria from the reference group were earlier occupational exposure either to heavy metals, wood conserving chemicals, or solvents and a history of the diseases or injuries listed above. Rejection from the referent group was based on medical records and on thejudgment ofthe occupational health staff of the employing company. The mean age of the referents was 38-1 (SD 6-6, range 28-55) years. All referents had regular daywork.
EXAMINATIONS
The subjects came at 1300 from their workplaces to Oulu University Central Hospital where the examina-EEGfindings in chlor-alkali workers subjected to low long term exposure to mercury vapour tions took place. The dayshift workers and referents had had five and the exposed three-shift workers six working hours before their arrival. Only one subject was examined a day. Special attention was given to standardisation of timing and to the strict procedure of the examinations.
At the beginning of the examination every subject was interviewed according to a fixed schedule where previous medical and occupational history, actual health status, and life style were investigated. The dose indicators of the actual exposure of the study group were inorganic B Hg (io B Hg), organic B Hg (o B Hg), total B Hg (B Hg), and urinary Hg (U Hg). A venous blood sample (25 ml) was taken during the hospital examination. Morning urine samples collected at home on the morning of the examination day were used for U Hg analyses. The polyethylene blood tubes (containing 0 15 ml Heparin Medica 5000 U/ml, Finland) and the urine bottles had been checked for lack of Hg contamination. The modification of Magos and Cernik was applied in analyses of actual Hg concentrations in both blood and urine. The Hg concentration in urine was corrected for a urinary creatinine concentration of I mmol/l according to Jaffe's standard method.9
CHARACTERISTICS OF THE STUDY GROUP
The individual TWA B Hg concentrations were based on the average of 22 (SD 5 7, range 9-32) measurements. The mean TWA B Hg of the exposed group was 59-0 (SD 12 6, range 40 7-90-0) nmol/l. The mean TWA of inorganic B Hg for the group was 34 9 (SD 12 6, range 17 7-58 5) nmol/l. In nine exposed subjects the TWA organic B Hg concentration exceeded the concentration of the TWA inorganic B Hg. Table 1 shows the figures of the indicators of actual exposure. For three of the exposed, the organic B Hg was higher than the inorganic fraction. Among the exposed workers the mean concentrations of Hg in blood and urine were rather low compared with earlier published results-for instance, by Skerfving and Berlin.'°None of the referents had more inorganic than organic Hg in their blood. The blood and urinary Hg concentrations of the reference subjects were also low.
To minimise the possible confounding effect of different workshifts, the exposed three-shift workers attended examinations during their morning shift. When the exposure of the exposed day labourers and three-shift workers were compared, the exposure level of the former group was significantly higher than that of the latter group (fig 1) . The TWA B Hg of the day worker group was 65 9 (SD 10-9, range 45-7-82 4) nmol/l and of the three-shift worker group 51 9 (SD 10 2, range 40 7-90-0) nmol/l. The inorganic TWA B Hg of the day workers was also higher, 42-6 (SD 12 6, range 20-444 1) nmol/l, compared with the value of the three-shift workers, 26 9 (SD 6 0, range 16 9-37-0) nmol/l. Table 2 shows the visually interpreted EEG findings for both the study groups. A greater occurrence of EEG abnormalities in the exposed (24%) than in the referents (15%) could be seen, but the difference was not statistically significant. Paroxysmal epileptiform activity was detected in two, both belonging to the exposed group: one had parieto-occipital spikes on the left side and the other had a theta burst occipitally on the right side. In the exposed group focal abnormalities slightly dominated over generalised disturbances but in the reference group generalised EEG disturbances were more abundant. Focal abnormalities were all mild and were situated in the left hemisphere frontotemporally-temporally-temporobasally except in one subject among the exposed group, the focus of whom was parieto-occipitally on the left side. Three subjects had both generalised and focal abnormalities. All EEG abnormalities except one were scaled as "mild." One referent showed a moderate EEG disturbance that appeared as a slowing of background activity imitating poorly matured EEG.
QUANTITATIVE EEG
Firstly, comparisons were made between the exposed and reference groups' power density spectra recorded from the three regions of the brain. The most sig- nificant difference between the groups was seen occipitally (fig 2) . The results from the right and left hemisphere were equal to each other.The difference became milder parietally and almost disappeared frontally. All the single absolute cEEG parameters shown in table 3 were lower in the exposed than in the referents. Highly significant differences (p < 0 001) were seen in the alpha frequency powers, total powers, and values of RMS (reflecting the amplitude of the signal) of the spectra. Secondly, to explore the possible confounding effect of the vigilance on the cEEG of the exposed, the cEEG parameters of the exposed day workers and three-shift workers were compared with the parameters of their referents (table 4). In the dayworker group all the parameters were lower than in their referents even if a statistically significant difference was seen only in the power of alpha frequency (t-2-2, p < 0-05). In the three-shift worker group the slowing and attenuation of the cEEG was more emphasised, the difference between all the parameters of this exposed subgroup and their referents being statistically significant. Figure 3 shows the diagrams of the statistical differences between the exposed dayworkers and their referents as well as between the exposed three-shift workers and their referents. In addition, a two way analysis of variance was applied to detect connections between workshift, dose indicators and values of the Table 3 Absolutefrequency powers, total powers, and amplitudes of the signal reflected by root mean square (RMS) in the cEEGfor the exposed and reference subjects. (Two sided t test with Welch's correction, derivation Q, referenced to linked ears, eyes closed) The cEEG of the exposed workers showed slowing and attenuation of the power density spectra in comparison with the referents. In our study the shiftwork was an obvious confounding factor. Even though special attention was paid to the standardisation of the timing of the examinations, the one hour earlier start of the workday as well as the strain due to changing workshifts might have caused more fatigue in the three-shift worker group, and thus decrease of their vigilance. The cEEG has been used as one of the best measures of vigilance.'5 Indeed, the findings of the three-shift workers were clearly emphasised. Nevertheless, the overall attenuation of the cEEG remained in the dayworker group. Besides, there was no reason to suspect a similar difference in vigilance between the dayworkers and the referents, which was the case among the three-shift workers.
Another confounding effect could have arisen from exposure to methyl Hg from the general environment. The brain has shown a special ability to accumulate both elementary Hg vapour and methyl Hg.516 In another forthcoming part of this present study it was shown that the magnitude of the organic B Hg fraction of both exposed and reference subjects was connected to their consumption of fish. The most exposed chloralkali workers had lately restricted their fish meals to lessen their overall exposure, but among the exposed and the referent groups were subjects with a generous consumption of fish. Unfortunately, because no indicator of the methyl Hg dose in the brain caused by low long term exposure has been developed, the possible influence of additional exposure to methyl Hg on the cEEG could not be controlled in the study.
No suggestion of a dose effect relation was found in this study. The obvious explanation is that the concentrations ofB Hg or U Hg and the concentrations of Hg in the brain do not correlate in general because they measure different temporal exposure. 17 Based on the dose indicators applied in this study, the exposure level of both the chlor-alkali workers and the reference workers was low. 
